INTRODUCTION
power supply. The works suggested that the UPS reliability indices improves considerably with increase The main purpose of an Uninterruptible Power Supply in discharge time, and a standby generator should be (UPS) system is to protect critical electrical equipments considered if high reliability of critical load supply is from failures or temporary disturbances in the required. commercial AC power supply. Critical loads in telecommunications, information technology, financial
The author has also proposed the Reliability Block systems, and medical treatment should not be Diagram (RBD) method to estimate the reliability of interrupted, not even for an instant; and the UPS need to UPS. In the RBD method, the UPS reliability model be able to supply power continuously for up to 24 hours, must be build first, and a failure rate, X (failures/hour) not only in the case of power failure but also during must be assigned to each block. The resultant reliability troubleshooting or maintenance of the system. In some model is then constructed from the system's single-line unfortunate instances, the UPS failed to supply the diagram [4] . Major components in the UPS system were back-up power to the critical loads when utility power assumed to be connected either in series or parallel. fails, and consequently, the critical loads will dropped Application of the RBD method in the reliability and collapsed. There are many reasons for this to estimation of UPS systems, enables the user to obtain happen, among others are; components or modules the system's Failure rates, MTBF and Availability. This failure, lack of maintenance and system overload [1] .
paper will not discuss on RBD method, however, for the Reliability estimation was found to be one of the best purpose of verification, results obtained from methods to ensure that the UPS will be able to support Probability tree method will be compared with the RBD the critical loads for a specified time during these method. unforeseen circumstances.
MEASURES OF RELIABILITY There are many methods being used to estimate the reliability of UPS. In the state-space method, the UPS In this paper, there are several reliability parameters that system states are divided into operating and failed states are useful to estimate the reliability of UPS system were [2, 3] . In the first part of this method, all the system determined and discussed. The proposed method states were listed and classified as either operating or enables user to achieve these parameters, and thus can failed states. Then all the possible transitions between be used to evaluate the reliability of the overall system. the different states and the causes of this transition are
The reliability line in Figure 1 shows a graphical identified. Finally, the probabilities of being in the representation of the parameter used to determine the different states during a certain period in the life of the reliability of the system [4]. The reliability parameters system were recognized. Once the steady state that are appropriate for UPS systems are described probabilities have been calculated, the reliability indices below: can be computed. In paper [3] , the approach has been illustrated by developing reliability models for a standby engine generator set and an uninterruptible The probability trees provide an effective method in the the reset time.
reliability study of the UPS system because they: 1) clearly lay out the major components in the The probability tree approach involves the following difference is very much dependent on the output load steps:
requirement. Figure 3 shows the single-line diagram of 1) Identify all the major components in the system the two types of UPS.
which failure will leads to system failure (i.e. load collapsed). DC UPS 2) Construct the reliability model for the system RECTIFIER to show how the components/ modules are UTIYDU connected / 3) Determine the probability of operation, P(OK) and probability of failure, P(Fail) of the component/ module from its failure rate, (X). result on each branch in the probability tree is the multiplication of probability from each state of its path.
In the DC UPS, rectifier will receives ac input from The summation of all the results must also equals to 1. utility supply and convert it to dc supply to feed the dc load and at the same time to charge the battery. During power failure, the rectifier will be off, as there will be no ac supply from utility, and thus the battery will then supply dc power to the loads. The battery back-up time will depend on state-of-charge of the battery, characteristic of the battery and the load level. The same reliability values such as the failure rates for electrical working operation applies to the AC UPS, but the equipment based on measured field data [5, 6, 7] , were difference is the inclusion of inverter module that used. Table 1 shows the failure rates of the major converts the dc supply (from rectifier or battery) to ac components in the UPS systems; which can leads to supply to feed the ac loads.
probability of operation, P(OK) and probability of failure, P(Fail) of each components. For this paper, to demonstrate the application of the probability tree method, two topologies of DC UPS were considered; Table 2 It can be seen in Figure 5 that the probability tree 
